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ABSTRACT 
 
Soils are critical to ecosystem function as they provide essential nutrients for primary 
producers, habitat and organic energy for decomposers, and storage of organic matter. Irrigation 
with reclaimed water is an increasingly popular water conservation strategy; yet its high salinity 
and nutrient content potentially affect soil properties. In this study, set in a residential 
neighborhood of Tampa (U.S.). I tested whether there are distinct lawn system management 
strategies characterized by systematic differences in reclaimed water usage and irrigation and 
fertilization practices. I then investigated whether soil biogeochemistry responds to lawn system 
management strategy. 
My results indicated that amendment strategy, which includes water source type, 
frequency of fertilization, and frequency of irrigation varies among residents of comparable 
neighborhoods. In this case, these three categories of management behaviors tend to co-occur. 
Analysis of irrigation water samples collected in this study showed significant differences 
between potable and reclaimed water. Mainly, reclaimed water had higher conductivity and 
phosphate content than potable water. When looking at the soil biogeochemical characteristics of 
the study area I found that there were significant differences in soil nutrients and microbial 
biomass across amendment strategy. Soils with a high amendment strategy (frequently irrigation 
with nutrient-rich reclaimed water, plus frequent fertilizer addition) showed higher conductivity 
and a higher microbial biomass than soils on lawns with a low amendment strategy (infrequent 
irrigation with dilute potable water, plus infrequent fertilizer addition). A positive correlation 
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between soil conductivity and microbial biomass was observed. These findings suggest that high 
amendment strategy increases the input flux of some nutrients to the soils and acts as a nutrient 
resource for soil microorganisms. The differences between soil and microbial biomass 
amendment strategy support the idea that decisions made by individuals about which 
management intensity strategy to use do affect the spatial variability of the ecosystem. These 
results contribute to the hypothesis of urban ecological urbanization by looking at the vertical 
social interactions between municipalities and individual homeowners. These interactions might 
explain the observed spatial variability of ecological characteristics. The results of this research 
affect the way information about the advantages of using reclaim water is advertised, in 
particular to homeowners.
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INTRODUCTION 
 
The global population is increasing rapidly, with more than 50% of the population living 
in cities (Grimm et al. 2008). According to the United States census, 80% of Americans lives in 
cities(Census Bureau 2010). On average, Americans use about 2480 m3 per capita of water per 
year (Hoekstra and Chapagain 2007), making urban areas funnels of water as the demand for 
drinking water cannot be met by water resources within the city’s boundaries (Luck and Wu 
2002). To meet the demand, water has to be extracted and transported from ecosystems outside 
of the city boundaries. This high demand for drinking water leads to two problems: (1) potential 
shortages of drinking water supplies for city residents and (2) impact on natural ecosystems 
where water is extracted from. Some cities recognize the need for water conservation strategies 
to reduce the pressure on water drinking resources and alleviate impacts on surrounding 
ecosystems. An example of water conservation strategy is the use of reclaimed water which 
reduces the pressure on drinking water resources by treating and reusing wastewater for 
irrigation and industrial purposes. 
In the city of Tampa (U.S.), a reclaimed water system was implemented as a water 
conservation strategy to reduce the pressure that results from over pumping groundwater resources 
from the aquifer. The water is treated so that it can be discharged into the bay or sold to customers 
for reuse. The reclamation process starts with wastewater effluent which passes through a 
preliminary treatment where large solid materials are removed. Subsequently a secondary 
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treatment removes leftover solids via addition of activated sludge, aeration and sedimentation 
processes. A nitrification step follows where aeration is used to facilitate the conversion of 
ammonia (NH4
+) to nitrate (NO3
-), followed by denitrification where NO3
- is transformed into 
nitrogen gas. In a final post-aeration step, chlorine is added to disinfect the effluent (Tampa 2013b). 
But unlike other wastewater treatment plants, chlorine applied for disinfection is not removed from 
water intended for reuse (in-plant reuse, industrial application or irrigation). The City of Tampa 
reports a removal of total suspended solids and total nitrogen of 99.7% and 92.4%, respectively 
(Tampa 2013a). Even though the process is efficient, not all constituents can be removed in the 
process. According to data provided by the City of Tampa, reclaimed water has a higher 
conductivity and inorganic nutrient content (nitrogen and phosphate) as compared to potable water 
(Hogan 2009). In 2013, the City of Tampa reported that out of the 205 million liters per day (MLD) 
of effluent that pass through the wastewater treatment plant, 8.52 MLD were destined for industrial 
reuse while 8.33 MLD were delivered to small-scale customers, mostly residential, for irrigation 
(Tampa 2013). In this case, there is an interaction between the municipality and individuals, where 
the municipality chooses to use reclaimed water as a water conservation strategy, but the choice 
to connect and actively use the reclaimed water is up to the individual homeowner. 
The role of individual decision making may play a role on urban ecology by shaping the 
spatial variability of ecosystems characteristics. Groffman et al. (2014) proposed the idea of urban 
ecological homogenization in which socioeconomic and culturally similar neighborhoods will 
converge on similar ecological characteristics owing to similar management decisions made by 
resident of the area. With this study we plan to contribute to the ecological urban homogenization 
framework by testing the added component of vertical interactions among two social hierarchies, 
municipality and individual.  
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Tampa serves as a model system to examine interactions between the municipality and 
individual residents. The city has decided to treat wastewater and sell reclaimed water to customers 
as a water conservation strategy, but is up to customers to use reclaimed water as a resource. Here, 
a comparative yard study of urban lawns in Tampa allows us to better understand the role of 
individual management strategies of residents and their consequences for soil physicochemical 
and microbial characteristics, which in turn may reshape spatial variability ecological 
characteristics among yards within the same neighborhood. In this study I first test weather lawn 
management strategies varies among yards within an otherwise socioeconomic and culturally 
homogenous neighborhood. I then proceeded to investigate whether this variation can be classified 
into distinct lawn system management strategies, in which multiple management behaviors, such 
as use of reclaimed water and frequency of irrigation and fertilization, co-occur.  
Subsequently, I investigated whether lawn management system strategies. Land 
management decisions, in particular the management strategy enacted by individuals, may have 
profound effects on soil form and function.  Past research shows that irrigation may change soil 
physiochemical properties, especially if soils are receiving amendments from irrigations (Stewart 
et al. 1990). Overall, soils are expected to have different nutrient concentrations based on 
management intensity because an influx of nutrients will be higher for yards that have a high 
frequency of fertilization and are irrigated with nutrient-rich reclaimed water (Bame et al. 2014). 
If high amendment strategy (use of reclaimed water and high fertilization and irrigation 
frequency) is heterogeneous in the study area, then differences in soil nutrient content will be 
expected to correspond with patterns of amendment strategy observed in the study area. 
From a biological perspective, past studies have shown that constant irrigation with 
amended water affects microbial communities in the soil (Juniper and Abbott 1993, Truu et al. 
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2009), as it produces osmotic stress (Mounzer et al. 2013) and increases soil salinization (Schuch 
2008, Evanylo et al. 2010b). At the same time, a pulse of nutrients in the soil creates a soil 
microbial response as revealed by increases in soil CO2 efflux rates and increase in soil microbial 
biomass (McCrackin et al. 2008, Lorenz and Lal 2009). Amendment strategy may act as either a 
resource or a stressor, given the differential responses that microorganisms may have to high 
conductivity and nutrient content depending on amendment strategy.  
This study tests if differential amendment strategies will result in different soil 
characteristics across the urban environment. First, the assumption that amendment intensity 
varies across the study area was tested. I investigated the individual amendment intensity of 
homeowners by surveying them about their choice of water source and their irrigation and 
fertilization frequencies.  If amendment intensity of urban yards is different among residents, 
then I expect that these management differences will be manifested in physical and microbial 
characteristics of the soil in their yards. If this is the case, it is expected that variations in soil 
physical characteristics, nutrient content and microbial biomass will correspond with variation in 
lawn system management strategy across the study site.  If high amendment strategy is a stressor 
to microorganisms, low abundance of microbial biomass is expected due to high soil 
conductivity. If, on the other hand, microbial biomass is higher in soils with high conductivity, 
high amendments maybe acting as a resource where the addition of nutrients to the soil through 
irrigation and fertilization may increase microbial biomass in soils. 
 
 
 
5 
 
 
 
 
METHODS 
 
Study Area and Site Selection 
 In order to understand the in situ effects of reclaimed water irrigation, a comparative 
study was used to measure biological and physical properties (see Table 1) that may arise from 
irrigation type (potable vs. reclaimed water) in urban soils. To control for other potentially 
confounding factors among sampling sites, all samples were taken from the yards of single-
family homes in south Tampa where the Myakka soil series and reclaimed water irrigation 
service area intersect. The control sites are in the same area but are sampled from houses that 
were not connected to the reclaimed water service (Figure 1). Myakka soils are sandy, siliceous, 
hyperthermic aeric alaquods that occur primarily in Florida. In the study area, the Myakka soil 
series is the most prominent. 
 
Table 1 Soil and water variables measured 
 
 
IRRIGATION WATER SAMPLES SOIL SAMPLES 
Conductivity pH 
pH Total Dissolved Nitrogen (TDN) 
Total Dissolved Nitrogen (TDN) Dissolved Organic Carbon (DOC) 
Dissolved Organic Carbon (DOC) Ammonium (NH4+) 
Ammonium (NH4+) Nitrate (NO3-) 
Nitrate (NO3-) Phosphate (PO43-) 
Phosphate (PO43-) Bulk Density 
 Soil Moisture 
 Soil Organic Matter (SOM) 
 Microbial C and N 
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Coding of addresses that are connected to the reclaimed water service provided by the 
City of Tampa revealed that there are a total of 896 customers with yards that intersect with the 
desired soil series. From this pool of reclaimed water irrigation customers, and a similar pool of 
potable water irrigation customers, flyers were distributed to ask for homeowner participation on 
this study. A total of 40 yards were sampled (20 reclaimed and 20 potable) on three different 
days in September 2014. The total number of sampled yards depended on homeowner 
willingness to participate in the study.  
Field Sampling 
Homeowner Survey 
At the time of sampling, the homeowner was asked to complete a survey (Appendix A) to 
determine irrigation practices and lawn management practices to account for any variability 
among irrigated yards. The surveys included questions about irrigation source type and irrigation 
and fertilization frequency. The answers were then compiled and used to elucidate questions 
about differences of management intensity among each irrigation source type. 
Water Samples 
Water samples were collected from points of irrigation at the homeowner’s house to 
assess the chemical properties of the water used for irrigation. All variables measured are 
presented in Table 1. Water samples were transported in a cooler to the lab and assessed, as 
explained below, for nutrient content to account for amendments added to the soil via irrigation. 
Dissolved organic carbon (DOC) and total dissolved nitrogen (TDN) were assessed via 
combustion of liquid samples (FormacsHT TOC/TN Analyzer, version 3.08). After combusting  
the liquid samples, DOC was detected via infrared gas analyzer. The sample gas then passed 
through a chemiluminescence detector to analyze (TDN) concentration. Both ammonium (NH4
+) 
7 
 
and nitrate (NO3
-) were quantified via colorimetric method of liquid samples based on Hood-
Nowotny et al. (2010). For this, a Berthelot reaction was used to convert NH4
+ into 
monochloramine, subsequently forming a green-colored compound in the presence of phenols.  
 
 
Figure 1 Intersection of Myakka soil type and reclaimed water service lines 
 
The water samples were then loaded into a microplate and measured for absorbance in 
the spectrophotometer at 660 nm. Nitrate was estimated by reduction of NO3
- to NO2
- by 
vanadium III chloride and subsequent colorimetric determination of NO2
- by acidic Griess 
reaction. In this case, the microplated samples were photometrically measured for absorbance at 
540 nm. To determine concentration of phosphate (PO4
-3) the malachite green method was used, 
which relies on complex formation with phosphomolybdate, as adapted by D'Angelo et al. 
(2001). 
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Soil Samples 
To compare the effects of irrigation type on soil properties, three soil cores were taken 
from the front yard of each single-family home included in this study. All cores were taken in 
grass areas, away from trees and shrubs. The homogenized soil cores were used to obtain 
measurements for soil bulk density, soil moisture, soil organic matter (SOM), conductivity, pH, 
nutrient content (NH4
+, NO3
-, PO4
3-, TDN and DOC), and microbial biomass measured as carbon 
and nitrogen. 
 First, soil bulk density was measured as the total mass of soil collected per area core 
volume corrected for soil moisture of each sample collected. To measure soil moisture, a 
subsample was dried at 60 °C and subsequently combusted at 550 °C to obtain loss on ignition 
(SOM) (Heiri et al. 2001). Another subsample was used to test pH and conductivity of the soils 
where a 1:2 soil to water slurry was used in conjunction with an Orion lab bench meter following 
the method used to test Florida soils (Mylavarapu 2007). 
To measure the concentration of phosphate content in soils, 5 g of dry soil were extracted 
with 50 mL of Mehlich III solution and passed through a Whatman 2 filter. The filtrate was then 
microplated and followed by a color change reaction as described above. To measure available 
ammonium and nitrate in the soil, 10 g of fresh soil were shaken for 1 hour with 50 mL of 0.5 M 
potassium sulfate (K2SO4). The ionic component of the strong salt solution floods the exchange 
sites of soil particle, thus forcing the extractable ions into solution. The extractant can be used to 
measure NH4
+ and NO3
- content by colorimetric determination as well as TDN and DOC, as 
described above.  
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To describe the microbial component of the soil, field moist samples were fumigated with 
chloroform as a means to lyse microbial cells and thus increase the carbon and nitrogen content 
in the soil. The K2SO4 extractable carbon and nitrogen is higher in samples that have been 
fumigated. Microbial carbon and nitrogen biomass in soils are estimated as the difference 
between non-fumigated TDN and DOC concentration (as described above) and TDN and DOC 
concentration form fumigated samples (Brookes et al. 1985).  
Statistical Analysis 
Homeowner management data was compiled into frequency histograms to test if the 
management intensity among water source types differed. All water variables were transformed 
into z-scores, which were used to perform a principal component analysis (PCA) to reduce 
correlated variables into major components. Additionally, non-parametric tests were used for 
statistical analysis, as the data did not meet the assumption of normality. A Mann-Whitney U test 
was performed to compare if differences among water source types, and soil variables treated with 
different water sources, were significantly different. Next, correlations and linear regressions 
among soil variables were performed to test if amendment strategy mediates relationships among 
soil characteristics. All statistical analyses were performed using SPSS v22. 
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RESULTS 
 
Frequency of Management 
 Data collected from homeowner surveys on frequency of irrigation and fertilizer 
application was compiled and compared among water source types. The results are shown in 
Figure 2. Both frequency of irrigation and fertilization were higher for households that use 
reclaimed water as their irrigation source. Figure 2 shows that out of all sampled sites (n=22), 
potable water users irrigate their lawns three or less hours per week, with no irrigation being the 
most common answer (14 sites).  
 
  
Figure 2. Intensity of management across water source types. Histogram of weekly irrigation 
hours and annual fertilization of urban yards. 
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In contrast, only 3 reclaimed water irrigation sites do not water their lawn. The frequency of 
irrigation with reclaimed water (n=18) is evenly distributed but there are peaks between 2 and 4 
hours per week (7 sites). A similar pattern is observed for use of fertilizers. Most homeowners 
using potable irrigation do not use fertilizers (14 sites). On the other hand, for sites irrigated with 
reclaimed water, a binomial distribution was observed where homeowners fertilize their lawns 5 
times or more per year (5 sites) or applied fertilizer only twice a year or less (9 sites).  
 
Physicochemical Characteristics of Irrigation Water Samples 
In this study I measured the physicochemical characteristics of two different kinds of 
water used for irrigation of urban yards: 1) potable water and 2) reclaimed water. The results are 
presented in Table 2. 
 
Table 2. Physicochemical characteristics of irrigation water 
 
To test if the chemistry of the irrigation water samples taken at homes that used 
reclaimed water and potable water at the point source of irrigation. Because the measured 
variables did not meet the assumption of normality, a Mann-Whitney U test was used to examine 
if the means among water source type were different. Water source type was significantly 
different when compared between reclaimed and. potable water samples.  As shown in Figure 3, 
IRRIGATION WATER SAMPLES POTABLE WATER RECLAIMED WATER 
Conductivity (μS/cm) 447.43±6.87 1696.53  ±78.32 
Ph 7.02 ±0.12 7.18 ±0.08 
Total Dissolved Nitrogen (mgC/ L) 1.53 ±0.20 1.61 ± 0.09 
Dissolved Organic Carbon (mgC/ L) 14.04 ±4.91 14.88 ±3.36 
Ammonium (mg  NH4
+-N/ L) 0.61 ±0.10 0.09 ±0.05 
Nitrate (mg NO3-N/ L) 0.38 ±0.06 0.56 ±0.08 
Phosphate (mg  PO4
3- -P/ L) 0.06 ±0.03 3.78 ±0.51 
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out of all the measured water variables, conductivity, DOC, NH4
+,and  PO4
3- (p-values of <0.001 
for the 4 variables), significantly differed when compared among water source types (Mann-
Whitney U test tables with values for of non-significant variables provided in Appendix B). 
 
  
  
 
Figure 3. Differences among water sources. Comparisons made among water source groups using the 
median as a reference. Only measured variables with significant differences between water source type 
shown. 
 
 In order to test if water source had a distinct signature among the two types, a (PCA) was 
done in which water variables measured were reduced into two principal components. The two 
components extracted explained 65.3% of the variance in the data. The first PCA factor captures 
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the variability of the water conductivity, as well as the concentration of the inorganic nutrients 
(NH4
+, NO3
- and PO4
3-). As showed in Figure 4, a sample with a large PCA factor 1 score will 
separate the samples with high conductivity, and high nitrate and phosphate, coupled with a low 
ammonium concentration. The second PCA factor explains the variability in pH and organic 
nutrients, where a high PCA factor score means that the sample has low DOC and TDN 
concentrations with higher pH values (PCA result tables and scree plots added to Appendix C).  
   
 
 
Figure 4. Principal component analysis of water features. (a) Measured variables plotted against the two 
component derived from the data. (b) Factor scores for each sample plotted against the two extracted PCA 
components 
 
Comparisons of Soil Characteristics Across Water Source Type 
The characteristics of the soil samples collected from yards with high and low 
amendment strategy water are summarized in Table 3. 
 
 
 
(a) (b) 
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Table 3. Physical and microbial characteristics of soils 
 
Initial differences between soil samples can be observed, in particular in PO4
3- 
concentration and conductivity. To establish if the high amendment strategy has an effect on soil 
characteristics, a Mann-Whitney U test was performed using data that described the physical and 
chemical attributes of urban yard soils. As shown in Figure 5, physical soil characteristics differ 
among water source treatments (BD: Z =-3.697, P =0.000; SM: Z = -3.887, P = 0.000; SOM: Z = 
-4.753, P =0.009; conductivity: Z = -4.753, P = 0.000; pH: Z = -3.223, P = 0.001). Figure 6 
shows that among the inorganic nutrients measured (NH4
+, NO3
- PO4
3-)there is a significant 
difference in NO3
- concentrations (Z = -2.234, P = 0.025) and PO4
3- (Z = -2.234, P = 0.034), 
whereas the data for organic nutrients (TDN and DOC) show no significant difference in the soil 
among water source types (Mann-Whitney U of non-significant variables available in the 
Appendix D). Along with physical and chemical differences between soils irrigated with 
different water sources, microbial biomass was also compared. Figure 7 illustrates the 
differences in soil microbial biomass, and that both microbial biomass C and N were 
significantly different between water source types (Z = -3.859, P = 0.000, Z = -3.345, P = 0.001). 
SOIL SAMPLES LOW 
AMMENDMENT 
HIGH 
AMMENDMENT 
Soil moisture (%, by volume) 0.13 ±0.01 0.23 ±0.01 
Bulk density (g/cm^3) 1.20 ±0.05 0.95 ±0.03 
Soil organic matter (%) 8.11 ±0.86 11.47 ±0.99 
pH 6.10 ±0.18 6.85 ±0.12 
Conductivity  (μS/cm) 211.61 ±25.34 526.22 ±44.48 
Ammonium concentration (mg  NH4
+-N/ kg soil) 2.58 ±0.40 3.47 ±1.22 
Nitrate concentration (mg NO3-N/ kg soil) 2.89 ±0.73 3.97 ±0.54 
Phosphate concentration (mg  PO4
3- -P/ kg soil) 52.72 ±6.67 92.22 ±15.43 
Dissolved organic carbon (mgC/g soil) 0.22 ±0.07 0.17 ±0.01 
Total dissolved nitrogen (mgN/g soil) 0.02 ±0.00 0.02 ±0.00 
Microbial biomass carbon (mgC/g soil) 0.30 ±0.03 0.56 ±0.04 
Microbial biomass nitrogen (mgN/g soil) 0.04 ±0.01 0.07 ±0.01 
15 
 
   
   
 
Figure 5. Comparison of soil physical characteristics among water source type. Only measured variables 
with significant differences between water source type shown. 
 
As shown in Figure 5, physical soil characteristics differ among water source treatments 
(BD: Z =-3.697, P =0.000; SM: Z = -3.887, P = 0.000; SOM: Z = -4.753, P =0.009; conductivity: 
Z = -4.753, P = 0.000; pH: Z = -3.223, P = 0.001). Figure 6 shows that among the inorganic 
nutrients measured (NH4
+, NO3
- PO4
3-)there is a significant difference in NO3
- concentrations (Z 
= -2.234, P = 0.025) and PO4
3- (Z = -2.234, P = 0.034), whereas the data for organic nutrients 
(TDN and DOC) show no significant difference in the soil among water source types (Mann-
Whitney U of non-significant variables available in the Appendix D). Along with physical and 
chemical differences between soils irrigated with different water sources, microbial biomass was 
also compared. Figure 7 illustrates the differences in soil microbial biomass, and that both 
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microbial biomass C and N were significantly different between water source types (Z = -3.859, 
P = 0.000, Z = -3.345, P = 0.001). 
 
 
 
 
 
 
  
     
 
Figure 6. Comparison of soil inorganic nutrients between water source types. Only measured variables 
with significant differences between water source types shown. 
 
 
 
  
 
Figure 7. Comparison of soil microbial biomass between water source types. Only measured variables 
with significant differences between water source types shown. 
 
Correlations Among Soil Characteristics 
 
 Correlation analysis was performed to determine how the soil characteristics measured in 
the study area were related to one another. Yards that were irrigated with potable water and had 
very low frequency of irrigation/fertilization, the soil variables that most prominently correlated 
15.74 
264.74 
256.15 
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with each other are those of nutrients (both organic and inorganic), as well as microbial biomass 
with conductivity, bulk density, soil moisture and soil organic matter. On the other hand, the 
correlations observed in the characteristics of soils irrigated with reclaimed water are less 
abundant. Most prominently, the correlation between conductivity and microbial biomass C 
(Low R2 = 0.265, P < 0.001; High R2= 0.221, P= 0.026) holds across both amendment strategies. 
Figure 8 shows that as conductivity of the soil increases, microbial biomass increases for both 
soils irrigated with different water sources. Correlations of SOM with other soil characteristics 
where only present in samples with low amendment strategies. Interestingly, as shown in Figure 
8, SOM did not correlate with microbial biomass in yards with high amendment strategy (R2 = 
0.002, P=0.872), but did highly correlate with yards irrigated with potable water (R2=0.488, P < 
0.001). A table of all other soil characteristics correlations is provided in the Appendix E. 
 
   
 
 
Figure 8. Relationship between conductivity and soil organic matter against microbial biomass C. 
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DISCUSSION 
In this study we tested if individual management decisions within the same 
socioeconomic unit were reflected on ecological systems. To do so, I first tested if individual 
lawn systems management strategies varied among urban yards in Tampa. If so I then tested if 
soil biophysical characteristics differed between varying levels of amendment strategy in the 
study area. I expected to see heterogeneous management intensities because of different social 
hierarchical interactions that occur between the city of Tampa and its residents. In this case, the 
city has decided to provide reclaimed water as a water conservation measure to reduce the 
pressure in drinking water supplies. It is up to the residents to connect and use reclaimed water to 
manage their lawns. Because of this added interaction, I predicted that soil characteristics will 
have spatial variability among urban yards. 
As a whole, frequency of irrigation and fertilization was higher in houses connected to 
the reclaimed water system when compared to potable water sources. Irrigation frequency in 
reclaimed water lawns was expected to be higher as the city imposes no restriction on reclaimed 
water usage, as opposed to irrigation usage with potable water. Additionally, frequency of 
fertilization was higher in lawns irrigated with reclaimed water. 
For this study, the assumption of different water signatures between potable and 
reclaimed water was based on chemistry data provided by the city of Tampa. This assumption 
was tested by analyzing and comparing water samples taken at each collection site. Overall, 
water sample did differ when compared between water sources. Additionally, the PCA analysis 
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provided strong evidence of water source separation according to water signature. Knowing that 
the water sources do differ substantially indicates it is acceptable to assume that water source 
delivers differential amendments to soils via irrigation.  
The results of the water samples measured in this study, show a similar pattern to those 
reported by the city and elsewhere (Hogan 2009). An interesting pattern that emerges from the 
water profiles is the inversion of NH4
+ and NO3
- concentration between both water types. Potable 
water has higher NH4
+ and low NO3
- concentration whereas reclaimed water has the opposite 
relationship. This pattern may be an artifact of the water reclamation process as nitrification is an 
important step in the wastewater treatment process to reducing NH4
+ concentrations. It should be 
noted that the water variable data in this study reflects a snapshot in time of water profiles in 
Tampa. It would be useful to test water sample over time to see if there is temporal variability on 
the water signature. If the chemistry of the water source differs temporally, it will be interesting 
to see if soil characteristics will mirror the changes in the water source, or if the combined effect 
of amendment strategy is cumulative overtime.   
Comparing soil characteristics between different management intensities showed 
differential soil characteristics among water source type. The hypothesis that differential nutrient 
amendments are added differentially due to management intensity was supported, in that when 
soil nutrient variables were compared between nutrient poor potable water and nutrient rich 
reclaimed water, the nutrients in the soil were in general higher for the yards irrigated with 
reclaimed water. When looking at inorganic nutrients, both PO4
3- and NH4
+ are significantly 
different among treatments. Similar results of higher concentrations of  PO4
3-  were found in 
other studies (Qian and Mecham 2005, Evanylo et al. 2010a). However, NO3
- concentration 
among soils irrigated with different water sources were not significantly different. This result 
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aligns with the comparison between water sources as NO3
- concentrations among water sources 
did not vary significantly. 
It was also observed that organic nutrients in soils (DOC and TDN) do not vary among 
yards; however, DOC concentration in reclaimed water is significantly higher than that of 
potable water sources. This pattern may be explained by the finding that soil microbial biomass 
is higher in soils with high amendment strategy. If readily available carbon is added to a soil with 
a high microbial biomass, it is likely that microbes present in the soil are using DOC as a 
resource, thus masking the expected increase in soil carbon pools as carbon will be respired by 
the microbes and lost as carbon dioxide from the system. Past studies have showed that high 
carbon input may not be reflected in high carbon pools if there high microbial activity in the soil 
due to high respiration activity (Fontaine et al. 2004, Lee and Schmidt 2014). 
Two alternative hypothesis were tested in which amendment strategy, as evident by the 
use of reclaimed water, and frequency of irrigation and fertilization, act as either a resource or a 
stressor for soil microorganisms. With the observed results, and the fact that microbial biomass is 
highly correlated to soil conductivity, it can be concluded that high amendment strategy act as a 
resource rather than a stressor for microorganisms. The rationale behind this lies in the fact that 
conductivity measures the amount of ions present in a solution, but does not differentiate 
between stressors or resource ions that the solution may contain. It could be the case that the 
conductivity measurements taken for both water and soil samples are indicative of ionic nutrients 
(NH4
+,NO3
-, PO4
3-  and other that were not tested for in this study) that may serve as resource 
rather than a stressor.  
21 
 
Additionally, a high correlation between SOM, and microbial biomass C was observed in 
soils irrigated with potable water. Significant correlation between conductivity and soil microbial 
biomass were also detected for both soil groups. However, a correlation of between SOM and 
microbial biomass was not observed in soils irrigated with reclaimed water. High microbial 
biomass was still observed even at low SOM concentrations for reclaimed water yards. This 
pattern challenges the hypothesis that high conductivity is a stressor for microbes as it seems that 
microbes may be using inorganic nutrients present in reclaimed water and fertilizers rather than 
carbon already present in the soil (SOM). These results are congruent with findings by Yan and 
Marschner (2013) where an increase in salinity yielded higher microbial biomass in soils that 
were amended with labile carbon. Another alternative is that the salinity levels that are added to 
the soil, may not be high enough to impact total soil microbial biomass. Past studies have shown 
that microbial activity declined as salinity (measured as electrical conductivity) increased at 
levels reaching 5,000 µS/m (Rietz and Haynes 2003). Further studies that explore how high 
amendment strategy may change the community composition of soil microbes may help discern 
which mechanisms may be affecting biogeochemical process in the soil. 
 
 
 
 
  
 
 
22 
 
 
 
 
CONCLUSION 
 
Differing patterns of lawn management strategies were observed in the study area. It was 
expected that frequency of fertilization occurred equally across water source types. However, 
this was not the case as frequency of fertilization, as well as irrigation frequency, co-occurred in 
lawns irrigated with reclaimed water. In Tampa, the three behaviors studied (water source, 
frequency of irrigation and fertilization) co-occurred in socioeconomic and culturally similar 
neighborhoods. This divergence in behaviors may be attributed to the interactions between 
municipality’s choice of using reclaimed water as a conservation strategy and the choice of the 
individual resident to connect to the system. With this result, it was expected that soil 
characteristics would vary between yards with different amendment strategies. This expectation 
was in part explained by the urban ecological homogenization hypothesis as I expected to see 
different land management decisions result in different ecological characteristics (Groffman et al. 
2014). Interestingly, the interaction between the city, which provided the reclaimed water as a 
resource, and the residents, who could chose to actively participating in water conservation 
measures, provided neighbors from the same socioeconomic unit to ultimately make different 
management decisions. As a result of the divergent lawn management strategies, different soil 
characteristics where observed within the same socioeconomic unit. 
When looking into the soil characteristics, this study suggests that urban yard amendment 
strategy influences both the standing stocks of nutrients and the microbial biomass present in 
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urban yards. First, water chemical signatures of potable and irrigated sample were significantly 
different and co-occurred with high frequency and irrigation behaviors. Because of this 
difference, water source was used as a proxy for management intensity. In general, soils with 
high management intensity displayed higher nutrient contents when compared to soils with low 
management intensity.  Furthermore, the use of reclaimed water, high irrigation and fertilization 
frequency seems to act as a resource rather than a stressor for soil microbes. This study supports 
the hypothesis of urban ecology homogenization because within management choice, there are 
distinct ecologies. However, it is important to recognize that there may be cases where there are 
different land management choices enacted by residents of the same socioeconomic and cultural 
groups. In the case of Tampa, this was due primarily because, at a higher social hierarchy, the 
city chose to provide reclaimed water as a water conservation strategy for the area. At a lower 
social hierarchy, individual residents then had the choice to connect to the service provided by 
the city. It is this interaction between the municipality and the individuals that generates different 
management behaviors. 
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APPENDIX A: HOMEOWNER SURVEY 
LAWN MANAGEMENT PRACTICES - HOMEOWNER SURVEY 
 
Address:_____________________________________________________________________________ 
E-mail (optional)_______________________________________________________________________ 
Sample ID:__________________  Date:_____________________________________________________ 
 
How long have you lived at this address?    0-1    2-5    5-10    10+ 
Do you irrigate your lawn with reclaimed water?  Yes  No  
If yes, how long ago did you connect to the reclaimed water service?    1       2      3      4      5+ 
How many hours per week do you irrigate your lawn?        0       1      2      3       4       5+ 
Do you apply any fertilizers to your lawn?                         Yes                       No 
If yes, how many times a year?           1        2       3      4       5+ 
What type?_________________________________________ 
Do you use any form of weed control or pest control in your lawn?      Yes  No 
If yes how many times a year?    1        2       3      4       5+ 
What type?__________________________________________ 
Do you use a lawn care company?   Yes No 
If so which?_____________________________________________ 
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APPENDIX B: MANN-WHITNEY U TEST TABLES FOR WATER SAMPLE 
COMPARISONS 
 
Ranks 
 Water Source N Mean Rank Sum of Ranks 
Conductivity of Water 
(μS/cm) 
Potable 22 11.50 253.00 
Reclaimed 18 31.50 567.00 
Total 40   
pH of Water Potable 22 19.14 421.00 
Reclaimed 18 22.17 399.00 
Total 40   
Water DOC (mgC/L 
water) 
Potable 22 13.86 305.00 
Reclaimed 18 28.61 515.00 
Total 40   
Water TDN (mgN/L 
water) 
Potable 22 17.91 394.00 
Reclaimed 18 23.67 426.00 
Total 40   
Water NH4-N 
Concentration (mg NH4-
N/ L water) 
Potable 22 26.93 592.50 
Reclaimed 18 12.64 227.50 
Total 40   
Water NO3-N 
Concentration (mg NO3-
N/ L water) 
Potable 22 17.52 385.50 
Reclaimed 18 24.14 434.50 
Total 40   
Water PO4-P 
Concentration (mg PO4-
P/ L waterl) 
Potable 22 11.50 253.00 
Reclaimed 18 31.50 567.00 
Total 40   
 
 
 
 
 
 
 
 
 
29 
 
 
 
Test Statisticsa 
 
Conductivity 
of Water 
(μS/cm) 
pH of 
Water 
Water 
DOC 
(mgC/L 
water) 
Water 
TDN 
(mgN/L 
water) 
Water NH4-N 
Concentration 
(mg NH4-N/ L 
water) 
Water NO3-N 
Concentration 
(mg NO3-N/ L 
water) 
Water PO4-P 
Concentration 
(mg PO4-P/ L 
waterl) 
Mann-Whitney 
U 
.000 168.000 52.000 141.000 56.500 132.500 .000 
Wilcoxon W 253.000 421.000 305.000 394.000 227.500 385.500 253.000 
Z -5.384 -.816 -3.969 -1.550 -3.847 -1.788 -5.383 
Asymp. Sig. (2-
tailed) 
.000 .415 .000 .121 .000 .074 .000 
Exact Sig. [2*(1-
tailed Sig.)] 
.000b .427b .000b .125b .000b .075b .000b 
Exact Sig. (2-
tailed) 
.000 .423 .000 .124 .000 .075 .000 
Exact Sig. (1-
tailed) 
.000 .211 .000 .062 .000 .037 .000 
Point Probability .000 .004 .000 .002 .000 .001 .000 
a. Grouping Variable: Water Source 
b. Not corrected for ties. 
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APPENDIX C: PRINCIPAL COMPONENT ANALYSIS OF WATER FEATURES 
 
 
Total Variance Explained 
Component 
Initial Eigenvalues 
Rotation Sums 
of Squared 
Loadingsa 
Total % of Variance Cumulative % Total 
1 2.510 35.853 35.853 2.477 
2 2.059 29.416 65.269 2.095 
3 1.068 15.261 80.530  
4 .850 12.146 92.676  
5 .227 3.244 95.920  
6 .179 2.558 98.478  
7 .107 1.522 100.000  
Extraction Method: Principal Component Analysis. 
a. When components are correlated, sums of squared loadings cannot be added to 
obtain a total variance. 
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Structure Matrix 
 
Component 
1 2 
Conductivity of Water (μS/cm) .911 .028 
pH of Water .064 .576 
Water DOC (mgC/L water) .033 -.939 
Water TDN (mgN/L water) .181 -.649 
Water NH4-N Concentration 
(mg NH4-N/ L water) 
-.710 .458 
Water NO3-N Concentration 
(mg NO3-N/ L water) 
.506 .500 
Water PO4-P Concentration 
(mg PO4-P/ L waterl) 
.921 .011 
Extraction Method: Principal Component Analysis.  
 Rotation Method: Oblimin with Kaiser Normalization. 
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APPENDIX D: MANN-WHITNEY U TABLES FOR SOIL SAMPLE COMPARISONS 
Ranks 
 Water Source N Mean Rank Sum of Ranks 
Bulk Density (g/cm^3) Potable 22 25.95 571.00 
Reclaimed 18 13.83 249.00 
Total 40   
Soil Moisture (%) Potable 22 14.32 315.00 
Reclaimed 18 28.06 505.00 
Total 40   
SOM (%) Potable 22 16.18 356.00 
Reclaimed 18 25.78 464.00 
Total 40   
Conductivity of Soil 
(μS/cm) 
Potable 22 13.18 290.00 
Reclaimed 18 29.44 530.00 
Total 40   
pH of Soil Potable 22 15.75 346.50 
Reclaimed 18 26.31 473.50 
Total 40   
Soil DOC (mgC/g soil) Potable 22 19.45 428.00 
Reclaimed 18 21.78 392.00 
Total 40   
Soil TDN (mgN/g soil) Potable 22 18.95 417.00 
Reclaimed 18 22.39 403.00 
Total 40   
Soil NH4-N 
Concentration (mg 
NH4-N/ kg soil) 
Potable 22 20.23 445.00 
Reclaimed 18 20.83 375.00 
Total 40   
Soil NO3-N 
Concentration (mg 
NO3-N/ kg soil) 
Potable 22 17.23 379.00 
Reclaimed 18 24.50 441.00 
Total 40   
Soil PO4-P 
Concentration (mg PO4-
P/ kg soil) 
Potable 22 17.82 392.00 
Reclaimed 18 23.78 428.00 
Total 40   
Microbial biomass C 
(mgC/g soil) 
Potable 22 14.59 321.00 
Reclaimed 18 27.72 499.00 
Total 40   
Microbial biomass N 
(mgN/g soil) 
Potable 22 15.36 338.00 
Reclaimed 18 26.78 482.00 
Total 40   
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Test Statisticsa 
 
Bulk 
Density 
(g/cm^3
) 
Soil 
Moistur
e (%) 
SOM 
(%) 
Conductivit
y of Soil 
(μS/cm) 
pH of 
Soil 
Soil 
DOC 
(mgC/
g soil) 
Soil 
TDN 
(mgN/
g soil) 
Soil NH4-N 
Concentratio
n (mg NH4-
N/ kg soil) 
Soil NO3-N 
Concentratio
n (mg NO3-
N/ kg soil) 
Soil PO4-P 
Concentratio
n (mg PO4-P/ 
kg soil) 
Microbia
l biomass 
C 
(mgC/g 
soil) 
Microbia
l biomass 
N 
(mgN/g 
soil) 
Mann-
Whitney 
U 
78.000 62.000 
103.00
0 
37.000 93.500 
175.00
0 
164.00
0 
192.000 126.000 139.000 68.000 85.000 
Wilcoxon 
W 
249.000 315.000 
356.00
0 
290.000 
346.50
0 
428.00
0 
417.00
0 
445.000 379.000 392.000 321.000 338.000 
Z -3.262 -3.697 -2.583 -4.377 -2.841 -.625 -.924 -.163 -1.957 -1.604 -3.534 -3.072 
Asymp. 
Sig. (2-
tailed) 
.001 .000 .010 .000 .004 .532 .355 .870 .050 .109 .000 .002 
Exact Sig. 
[2*(1-
tailed 
Sig.)] 
.001b .000b .009b .000b .004b .545b .366b .882b .051b .112b .000b .002b 
Exact Sig. 
(2-tailed) 
.001 .000 .009 .000 .004 .545 .366 .882 .051 .112 .000 .002 
Exact Sig. 
(1-tailed) 
.000 .000 .005 .000 .002 .272 .183 .441 .026 .056 .000 .001 
Point 
Probabilit
y 
.000 .000 .000 .000 .000 .009 .007 .011 .002 .003 .000 .000 
a. Grouping Variable: Water Source 
b. Not corrected for ties. 
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APPENDIX E: CORRELATION MATRIX FOR SOIL CHARACTERISTICS 
 
POTABLE 
    1 2 3 4 5 6 7 8 9 10 11 12 
1. Bulk Density 
(g/cm^3) 
  
R2                         
p 2-
tailed                         
2. Soil Moisture (%, 
by weight) 
  
  -0.167                       
  0.471                       
3. SOM (%) 
  
  -.871** .443*                     
  0 0.044                     
4. Soil Conductivity 
(μS/cm)  
  
  -.558** 0.195 .528*                   
  0.009 0.398 0.014                   
5. Soil pH 
  
  .641** -0.213 -.530* -0.062                 
  0.002 0.354 0.013 0.79                 
6. Soil DOC (mgC/g 
soil) 
  
  -0.405 -0.185 0.284 .810** 0.041               
  0.069 0.423 0.212 0 0.862               
7. Soil TDN (mgN/g 
soil) 
  
  -0.409 -0.409 0.197 .745** 0.024 .931**             
  0.066 0.066 0.393 0 0.918 0             
8. Soil NH4-N (mg 
NH4-N/ kg soil) 
  
  -0.379 -0.324 0.21 .723** -0.105 .823** .913**           
  0.091 0.152 0.36 0 0.65 0 0           
9. Soil NO3-N (mg 
NO3-N/ kg soil) 
  
  -0.249 -0.424 0.007 0.156 -0.24 0.108 0.415 .554**         
  0.276 0.056 0.975 0.5 0.294 0.64 0.062 0.009         
10. Soil PO4-P (mg 
PO4-P/ kg soil) 
  
  -0.073 -0.37 -0.106 -0.07 0.282 -0.007 0.213 0.116 .477*       
  0.752 0.098 0.648 0.764 0.216 0.976 0.354 0.618 0.029       
11. Micro. biomass C 
(mgC/g soil) 
  
  -.534* .721** .740** .631** -0.226 0.365 0.143 0.135 -0.279 -0.318     
  0.013 0 0 0.002 0.325 0.104 0.535 0.559 0.22 0.161     
12. Micro. Biomass N 
(mgN/g soil) 
  
  -.512* .828** .685** .435* -0.335 0.12 -0.101 -0.075 -0.305 -0.283 .901**   
  0.018 0 0.001 0.049 0.138 0.606 0.664 0.746 0.178 0.214 0   
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RECLAIMED 
  1 2 3 4 5 6 7 8 9 10 11 12 
1. Bulk Density 
(g/cm^3) 
  
  
R2                         
P (2-
tailed)                         
2. Soil Moisture (%, 
by weight) 
  
  
  -0.417            
  0.085            
3. SOM (%) 
  
  
  -.488* 0.362           
  0.04 0.139           
4. Soil Conductivity 
(μS/cm)  
  
  
  -.622** 0.242 0.205          
  0.006 0.332 0.414          
5. Soil pH 
  
  
  .570* 0.226 -0.303 -0.419         
  0.013 0.368 0.221 0.084         
6. Soil DOC (mgC/g 
soil) 
  
  
  -0.41 0.32 0.284 0.438 -0.212        
  0.091 0.195 0.253 0.069 0.397        
7. Soil TDN (mgN/g 
soil) 
  
  
  -0.221 0.242 0.119 0.246 0.012 .891**       
  0.378 0.333 0.637 0.326 0.961 0       
8. Soil NH4-N (mg 
NH4-N/ kg soil) 
  
  
  .730** -0.413 -0.388 -0.312 0.247 0.001 0.009      
  0.001 0.089 0.112 0.208 0.322 0.996 0.972      
9. Soil NO3-N (mg 
NO3-N/ kg soil) 
  
  
  -0.115 0.23 0.229 0.104 0.155 0.381 .650** -0.257     
  0.651 0.358 0.361 0.682 0.539 0.118 0.004 0.303     
10. Soil PO4-P (mg 
PO4-P/ kg soil) 
  
  
  0.192 0.132 0.024 0.127 0.015 -0.11 -0.092 0.046 0.193    
  0.446 0.602 0.924 0.615 0.952 0.665 0.715 0.857 0.443    
11. Micro. Biomass 
C (mgC/g soil) 
  
  
  -0.455 0.423 0.041 .522* -0.216 -0.041 -0.149 -0.268 -0.086 -0.187   
  0.058 0.081 0.872 0.026 0.388 0.872 0.555 0.282 0.735 0.457   
12. Micro. Biomass 
N (mgN/g soil) 
  
  
  -.493* .560* 0.163 .470* -0.152 0.004 -0.087 -0.332 -0.002 -0.085                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          
c                                                                                                                                           0.037 0.016 0.519 0.049 0.547 0.987 0.73 0.178 0.995 0.738 0
 
